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SUMMARY
The influence of control deflections on the rotational flow
aerodynamics and on predicted spin modes is discussed for a 1/6-scale
general aviation airplane model. The model was tested for various control
settings at both zero and ten degree sideslip angles. Data were measured,
using a rotary balance, over an angle-of-attack range of 20 ° to 90 ° ,
and for clockwise and counter-clockwise rotations covering an Qb/2V range
of 0 to 0.5.
With pro-spin controls, a steep spin is predicted for this airplane
that agrees reasonably well with preliminary free-spinning model results.
However the predicted spin mode was somewhat steeper than the preliminary
unpublished flight test spin results. This difference is most likely due
to the effect of Reynolds number on the dynamic stalling characteristics
of a rotating wing. High Reynolds number rotary balance tests are needed
to quantify this effect.
The basic model, as tested, indicated that the airplane would be
damped in yaw but would generally exhibit propelling rolling moments.
The rudder effectiveness began to diminish above 40 ° angle of attack
and was ineffective above 60 ° angle of attack. The ailerons were
effective in roll up to 800 angle of attack and produced adverse yaw
only at angles of attack above 50 ° .
INTRODUCTION
The NASA Langley Research Center is conducting a broad general
aviation stall/spin research program, which includes spin-tunnel and
free-flight radio-control model tests, as well as full-scale flight tests
for a number of configurations typical of light, general aviation
airplanes. As a part of this effort, rotary balance tests were conducted
in the Langley Spin Tunnel to establish a rotational flow aerodynamic
base for analysis of model and full-scale flight results.
Rotary balance data were obtained for a representative,
single-engine, general aviation model, referred to as model D. The test
results were divided into three areas, each of which is discussed in a
separate report. Reference 1 discusses the influence of each airplane
component, as well as body length and wing location, on the rotational
aerodynamic characteristics. Reference 2 presents the effect of
horizontal tail location in the presence of each of two wing locations
and two body lengths. The aerodynamic effectiveness of the controls and
their influence on predicted spin modes are discussed herein for the
same configuration used for full-scale and free-spinning model tests. The
appendices in the above references contain the data measured during the
subject studies.
SYMBOLS
The units for physical quantities used herein are presented in U.S.
Customary Units.
b wing span, ft
€ mean aerodynamic chord, in.
Normal force
CN normal-force coefficient, qS
Axial force
CA axial-force coefficient, qS
Side force
Cy side-force coefficient, qS
Rolling moment
C1 rolling-moment coefficient, qSb
C pitching-moment coefficient, Pitching moment
m qSc
C yawing-moment coefficient, Yawing moment
n qSb
q free-stream dynamic pressure, lb/ft s
S wing area. ft s
V free-stream velocity, ft/sec
a angle of attack, deg
angle of sideslip, deg
8 aileron deflection, positive when right aileron is downa
(b -b )/2, dog
aright aleft
6H horizontal tail deflection, positive when trailing
edge is down, deg
6 r rudder deflection, positive when trailing edge is to the
left, deg
2 angular velocity about spin axis, tad/see
Qb/2V spin coefficient, positive for clockwise spin
Abbreviations:
€8 center of gravity
SR spin radius
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TEST EQUIPMENT
A rotary balance measures the forces and moments actin8 on a model
while it is subjected to rotational flow conditions. Historical
backsround for this testin8 technique is discussed in reference 3. A
photograph and sketch of the rotary balance apparatus installed in the
Lan81ey Spin Tunnel are shown in fisures 1 and 2, respectively. The
system's rotary arm, which rotates about a vertical axis at the tunnel
center, is supported by a horizontal boom and is driven by a motor
mounted external to the test section.
A NASA six-component strain 8auge balance, affixed to the bottom of
the rotary balance apparatus and mounted inside the model, is used to
measure the normal, lateral0 and lonsitudinal forces, and the yawins,
rollins, and pitchin8 moments actin8 about the model body axis. Controls
located outside of the tunnel are used to activate motors on the rotary
riB, which position the model to the desired attitude. The
an81e-of-attack range of the rig is 0° to 90 °. and the sideslip an81e
ranse is _15 °. Spin radius and lateral displacement motors are used
to position the moment center of the balance on, or at a specific
distance from, the spin axis. (This is done for each combination of an81e
of attack and sideslip an81e.) It is customary to mount the balance to
the model such that its moment center is at the location about which the
aerodynamic moments are desired. Electrical currents from the balance and
to the motors on the rib are conducted throush slip rinss. Fisure 2
shows how the rib is positioned in an81e of attack and sideslip.
The system is capable of rotatin8 up to 90 rpm in either direction.
A range of _b/2V values can be obtained by adjusting rotational speed
and/or tunnel air flow velocity. (Static aerodynamic forces and moments
are obtained when _=0.)
The data acquisition, reduction, and presentation system is composed
of a 12-channel scanner/voltmeter, a mini-computer with internal printer,
a plotter, and a CRT display. This equipment permits data to be
presented via on-line digital print-outs and/or graphical plots.
TEST PROCEDURES
Rotary aerodynamic data are obtained in two steps. First, the
inertial forces and moments (tares) acting on the model at different
attitudes and rotational speeds must be determined. Ideally, these
inertial terms would be obtained by rotating the model in a vacuum, thus
eliminating all aerodynamic forces and moments. As a practical approach,
this is approximated closely by enclosing the model in a sealed spherical
structure, which rotates with the model without touching it, such that
the air immediately surrounding the model is rotated with it. As the rig
is rotated at the desired attitude and rate, the inertial forces and
moments generated by the model are measured and stored on magnetic tape
for later use.
The second step is to record force and moment data with the air on
and with the enclosure removed. The tares, measured in step one, are
then subtracted from these data, leaving only the aerodynamic forces and
moments, which are converted to coefficient form and stored on magnetic
tape.
MODEL
A I/6-scale model, representing a single-engine general aviation
airplane, was constructed from foam/fiberglass and aluminum. A
three-view drawing of the model is shown in figure 3. Dimensional
characteristics of the model are given in Table I. A photograph of the
model installed on the rotary balance in the Langley Spin Tunnel is
presented in figure 1.
TEST CONDITIONS
The tests were conducted in the spin tunnel at a tunnel velocity of
25 ft/sec, which corresponds to a Reynolds number of 128,000 based on the
model mean aerodynamic chord. All the configurations were tested through
an angle-of-attack range of 20 ° to 90 °, at 0 ° and 10 ° sideslip
angles and with the spin axis through the full-scale airplane c8. At each
spin attitude, measurements were obtained for nominal Db/2V values of 0.I,
0.2, 0.3, 0.4, and 0.$, in both clockwise and counter clockwise
directions, as well as for Qb/2V=0 (static value).
DATA PRESENTATION
The data measured for this study are presented in the Appendix.
Table II identifies the configurations tested and their corresponding
appendix figure numbers. The body-axis aerodynamic coefficients, plotted
as functions of Qb/2V, are presented in comparison format with data from
selected configurations plotted on the same figure to demonstrate the
effect of varying configuration parameters (e.g., sideslip angle or
control deflections). Plots for each of the aerodynamic coefficients are
presented in six sequentially numbered figures in the following order:
Cn, CI, _, CN, Cy, CA . Each figure, in turn, consists of
ten pages, which present the subject coefficient plots at each of the
following angles of attack: 20 °, 25 °, 30 °, 35 °, 40 °, 50 °,
60 °, 70 °, 80 O, and 90 °.
DISCUSSION
Rotary balance moment data indicate the behavior of the airplane with
rotation and thus the possibility of departure and spinning motions. For
a clockwlse rotation, a positive rolling or yawing moment is propelling,
because it will increase the rotation rate, whereas a negative moment
will decrease it and is, therefore, a damping moment. Conversely, for a
counter-clockwise rotation, negative moments are propelling and positive
ones damping.
Rotation produces inertial moments about each axis that are
functions of the rotation rate squared, as well as the orientation of the
airplane. For steady spins to occur, the aerodynamic moments must
balance the inertial moments about all three axes. Steady spins may,
therefore, be predicted from rotary balance data by identifying the
rotation rate, angle of attack, and sideslip angle that result in such an
equilibrium. Reference 3 presents a discussion of a method for
identifying steady spin modes from rotary balance data.
Basic Airplane Charactorlatics vithNoutral Controls
The aerodynamic data with neutral controls are presented in figures
A1 through A6 at -10 O, 0 O, and +10 O sideslip angles. For the
tested angle-of-attack range, the airplane exhibits damped yawing moments
(figure A1). Damped yawing moments will generally prohibit spins at
moderately flat to flat angles of attack. The rolling moment
coefficients for this configuration are generally propelling over a
significant flb/2V range at all tested angles of attack (figure A2),
except near 30 ° . These propelling rolling moments were shown in
reference 1 to be caused by the wing. Most airplanes exhibit propelling
rolling moments above approximately 80 ° angle of attack, but these are
not significant because here the yawing moment is the primary spin
driving element about the velocity vector. At lower angles of attack,
however, propelling rolling moments provide the mechanism for incipient
spin motions, as well as the driving element for attaining spins.
Despite the propelling moments for this configuration, however, no
steep or moderately steep spins are predicted with neutral controls, as
shown in Table llI. This is because the yawing and/or pitching moment
equilibrium equations cannot be satisfied at the same spin parameter
values required by the rolling moment equation.
The pitching moment (figure A3)becomes increasingly more nose-down
with increasing angle of attack throughout the tested angle-of-attack
range and generally also becomes more nose-down non-linearly with
rotation. Such pitching moment characteristics imply that increasingly
higher rotation rates are required for pitch equilibrium as angle of
attack increases.
The influence of sideslip angle on the rotational aerodynamics is
evident in figures A1 through A6. Positive sideslip produces a positive
incremental yawing moment, and negative sideslip produces a negative
increment at all tested angles of attack, although the increments are
small for angles of attack below 40 °. For angles of attack up to 80 °
the increment due to sideslip is fairly symmetrical for positive and
negative sideslip angles, especially at the lower flb/2V magnitudes, and
its variation with rotation is generally insignificant. Above 80 ° angle
of attack, however, the non-linear characteristic of the yawing moment
coefficient vs flb/2V curves produces unsymmetrical yawing moment
increments for positive and negative sideslip angles.
Whereas the pitching moment vs Qb/2V curves are basically
symmetrical for clockwise and counter-clockwise rotations at zero
sideslip angle, non-zero sideslips skew the curves. As a result, a
nose-up increment is usually produced for negative sideslip angles at
clockwise rotations, as well as for positive sideslips at
counter-clockwise rotations. For this airplane, however, the combination
of a positive sideslip at clockwise rotations or a negative sideslip at
counter-clockwise rotations does not produce any significant change in
the pitching moment.
Kffoot of Control Deflections
Rudder:
The effect of rudder deflection is shown in figure A7 through A18.
9
At zero sideslip angle, the rudder introduces an incremental yawing moment
coefficient that is virtually invarient with rotation rate for angles of
attack between 20 ° and 50 ° (figure A7). The rudder effectiveness
remains fairly constant through 40°angle of attack and then decreases
above 40 °, such that above 60 ° angle of attack the rudder is
ineffective. The rudder does not influence the rolling moment
coefficient at any angle of attack (figure A8).
As shown in Table III, an extremely steep spin equilibrium is
predicted with neutral stick when the rudder is deflected with the spin.
Obviously, the positive (propelling) yawing moment increment produced by
the rudder is responsible for the predicted spin, since no spin was
predicted with neutral controls.
The incremental yawing moment available for spin recovery is evident
in figure AT. In the angle-of-attack range where it is effective,
reversing the rudder produces a significant damping yawing moment
increment and, as with neutral controls, no spin modes are predicted with
the rudder deflected against the rotation.
Pzo-Sptn Controls:
Table III shows that the predicted spin mode for pro-spin controls
(aft stick and rudder deflected with the spin) is less steep than that
predicted for rudder alone. The data for pro-spin controls is presented
in figures A19 through A30. The elevator deflection does not influence
the yawing or rolling moments (compare figures A19 and A20 with A7 and
A8, respectively). The aft stick elevator deflection does provide a
nose-up incremental pitching moment coefficient for angles of attack
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below 40 ° , but is ineffective for higher angles of attack (compare
figure A21 with Ag). (It is not known whether forward stick is
effective above 40 ° angle of attack, because this control setting was
not tested.) By producing a less nose-down pitching moment in the
predicted spin angle-of-attack region, the aft stick elevator alters the
_b/2V vs angle of attack relationship required for equilibrium of the
inertial and aerodynamic pitching moment terms, as shown in figure 4. As
a result, the predicted spin is slightly flatter and slower than with
rudder alone.
Ailerons:
The effect of aileron deflection on the rotational aerodynamic data
is presented in figures AI9 through A30 for right pro-spin controls. The
ailerons produce significant incremental rolllng moments up to 80 °
angle of attack, but are ineffective above 80° (figure A20).
The rolling moment coefficient vs Ilb/2V plots, at zero sideslip
angle, generally have an elongated recumbent S-shape for this alrplane.
Aileron deflectlon, consequently, dlsplaces the rolling moment
coefficient curves perpendicularly along the vertical axis and also tends
to displace the reflex points of the curves laterally as a function of
the deflection. The lateral displacement is most evident at 50 ° angle
of attack (figure A20f). Because of this characteristic, the incremental
change in ro11Iug moment coefficient due to aileron deflection can vary
81gnlflcantly with both the sisn and masnltude of the control deflection
and with _]b/2V, at the lower flb/2V magnitudes where the curves reflex.
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At larger Qb/2V magnitudes, however, the incremental rolling moments due
to aileron are fairly constant with rotation and symmetrical for positive
and negative aileron deflections.
At I0 ° sideslip angle (figure A26), the rolli_g moment curves do
not exhibit the pronounced reflex characteristic observed at zero sideslip
(except at 20 ° angle of attack). Therefore, the incremental rolling
moment due to aileron deflection at sideslip is, generally, more nearly
constant with rotation and symmetrical for positive and negative
ailerons.
Aileron deflection has no significant influence on yawing moment
coefficient for angles of attack below 50 ° (figure A19). At 60 °
angle of attack and above, however, they produce adverse yaw, which
increases with increasing angle of attack. The yawing moment increments
produced by the ailerons at these higher angles of attack do not vary
slgnlflcantly with rotation rate.
Because the ailerons are effective in roll over the predicted angle-
of-attack range, deflecting the ailerons alters the predicted spin mode
(Table III). The predicted spin is steeper when the ailerons are
deflected with the spin (right stick for a right spin), and flatter when
they are deflected against the spin. These changes arise solely from the
shifts in the aerodynamic rolling moment due to aileron deflection. The
rolling moment shift produces a substantial change in the sideslip angle
required to provide equilibrium of the aerodynamic and inertial rolling
moments. The changes in sideslip, in turn, affect the pitch and yaw
equilibriums, thereby altering the spin modes.
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Co_relation of Predicted and Experimental Spins
The angles of attack of the predicted spins correlate reasonably
well with the preliminary spin tunnel results for this airplane, as
shown in Table IV. The controls used during flight test spins differed
from those tested on the model in that the full-scale airplane was spun
with an elevator trim tab deflected. Subsequent unpublished wind
tunnel results indicated that the tab, as expected, produced a pitching
moment increment. To compare the predicted spin modes with the flight
test spins, the incremental pitching moment due to the tab was added to
the rotational pitching moments measured during these tests. As shown in
Table V, with neutral ailerons and pro-spln elevator and rudder, a spin
mode was predicted at 36 ° angle of attack and 3.5 seconds/turn. The
preliminary unpublished flight test results for the same controls, showed
a spin at 44 ° and 2.8 seconds/turn.
While both the predicted and flight test results are of similar type
(i.e., one is not flat and the other steep), the flight test spin is
slightly flatter and faster than the predicted. The fllght test results,
further, show that aileron deflection produces insignificant variations
in the developed spin modes, whereas the model tests indicate a definite
variation of the spin parameters with aileron deflection (Table V). What
is not indicated in Table V is that, with aileron_ deflected, the moments
are close to equillbrlum over a significant angle-of-attack range (25 O
to approximately 400).
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This is demonstrated in figure 5, which presents the inertial and
aerodynamic yawing moment terms plotted as functions of angle of attack
for ailerons neutral, against, and with the spin. Both the inertial and
aerodynamic values shown in figure 5 are evaluated at the rotation rates
and sideslip angles required for equilibrium of the pitching and rolling
moments. Therefore, wherever the two yawing moment terms are equal, all
three moments are in equilibrium, as required for a steady-state spin.
(Reference 3 presents a detailed discussion of the method for generating
such plots.)
With neutral ailerons (figure 5a), the inertial and aerodynamic yaw-
ing moment plots cross at approximately 36 ° anglo of attack and then
diverge. With both ailerons against and with the spin (figure 5b and
5c), however, the two curves remain close together for a 10 ° to 15 °
anglo-of-attack range.
Because the yawing moment terms in these plots are evaluated at the
Qb/2V and sideslip values required for equilibrium of the other two
moments, all three moments are close to equilibrium beginning at 25 ° and
continuing for 10 ° to 15 ° for ailerons against and with, respectively.
Therefore, a small change in any of the aerodynamic moments could produce
a significant change in the predicted spin mode.
The difference between model and preliminary flight-test results for
this airplane are most likely duo to the difference in Reynolds number
between the full-scale tests and the sub-scale _:_eral aviation model
test. While the effects of Reynolds number on rotational aerodynamics has
not yet boon identified, static high and low Reynolds number testing of
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another general aviation configuration (reference 4) revealed Reynolds
number primarily affects the wingWs contribution to the aerodynamics in
the stall and immediate post-stall angle-of-attack region, as seen in
figure 6. Significant differences in the normal and axial force
coefficients are observed for the configurations in reference 4 beginning
at the low Reynolds number stall angle of attack at I0 ° and continuing
through approximately 35 °. Since these differences are a direct result
of Reynolds number induced changes on the stall angle of attack and stall
characteristics, the aerodynamic effects of devices designed to influence
the airplaneWs stall (such as wlng leading-edge droops, etc.) can be
partlcularly sensitive to Reynolds number.
These Reynolds number effects would also be expected to influence the
rotational rolllng and yawing moment contributions of the wing. This
occurs because the angle of attack varies along a rotating wing,
increasing from root to tip along the inboard (downgolng) win8 and
decreasing along the outboard one. Rolling and yawing moments are thus
generated by differences in the normal and axial forces, respectively,
between the inboard and outboard wings produced by these angle of attack
differences. Therefore, Reynolds number effects can alter the rotational
ro11Ing and yawing moments whenever at least one wing plane is operating
in the low Reynolds number post-stall angle-of-attack region, which is
generally most of the steeper spin angle-of-attack range. Such Reynolds
number effects on rolling moment are significant because rolling moment
is the primary driver for steep spins and is, generally, produced entirely
by the wing. The upper limit of the angle-of-attack range where Reynolds
15
number effects influence the spin modes depends on tile wing
geometry and on the spin rotation rate, because both determine how much
of the outboard wins is operating where Reynolds number effects are
significant. At higher angles of attack, in the more moderate to flat
spin regions, little or none of the wing is operating in the angle-of-
attack range where Reynolds number effects are significant and little
change would be expected in the wingWs aerodynamic contributions.
For the general aviation model D, the outboard panels of each wins
are tapered and twisted in an effort to prevent the wing tips from
stalling before the inboard portions of the wing. It was anticipated
that these outboard wing panels w aerodynamic influence would be sensitive
to Reynolds number, thus accounting for the observed differences in spin
modes. Because the Reynolds number effect on the wing's aerodynamic
contribution is the suspected source of the observed spin mode
differences, data in this angle-of-attack region should be used with
caution. Investigations into these effects are currently underway at the
NASA Langley Research Center.
CONCLUDINGREMARKS
The following observations pertaining to the flight-test
configuration of general aviation model D are based on the analysis
presented herein. Analysis of the predicted spin modes showed:
o With pro-spin controls, steep spin modes are predicted that
agree reasonably well with preliminary free-spinning model
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results. The predicted spins without an elevator trim tab
were steepest when the ailerons were deflected with the spin
and became flatter for ailerons neutral and against the spin.
o No spin modes were predicted for neutral or recovery controls
(rudder against the spin and stick neutral).
o The predicted spin modes were steeper and slower than the
flight-test results. These differences most likely arise from
the influence of Reynolds number on the dynamic stalling
characteristics of the rotating wing for this configuration
and serve to illustrate the possible difficulties of low
Reynolds number rotary balance testing for some general
aviation configurations in this angle-of-attack region.
High Reynolds number rotary balance tests are needed to
quantify this effect.
Examination of the rotary aerodynamic data showed:
o The basic T-tailed model D, considered in this report,
exhibited damped yawing moments.
o The model, however, had propelling rolling moments at all
tested angles of attack, except near 30 ° .
o The rudder produced incremental yawing moments throughout the
lower tested angle-of-attack range, but its effectiveness
began to diminish above 40 ° angle of attack and it was
ineffective above 60 ° angle of attack.
o The aft-stick elevator produced nose-up pitching moment
increments only up to 40 ° angle of attack.
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o The ailerons produced substantial incremental rolling moments
up to 80 ° angle of attack and some adverse yaw for angles of
attack above 50 ° . At zero sideslip angle, the ailerons dis-
placed the non-linear character of the C1 vs Qb/2V curves
laterally along the flb/2V axis such that significant
variations in the incremental rolling moment coefficient due
to aileron resulted. At high _b/2V values, where the curves
are more linear_ no such variations were observed.
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TABLE I.- DIMENSIONAL CHARACTERISTICS
Overall length, ft ................. 4.675
Wing :
Span, ft .................... 5.91
Area, ft2 .................... 4.825
Root chord, in.................. i0.5
Tip chord, in.................. 7.03
Mean aerodynamic chord, in............ 9.64
Leading edge of _, distance rearward of
leading edge of root chord, in. ....... 2.14
Aspect ratio ................... 7.24
Taper ratio ................... 0.67
Dihedral, deg .................. 7
Incidence:
Root, deg ................... 2.0
Tip deg -i 0
Airfoil Section:
Root ................. NASA 652415
Tip ............... NASA 652415 mod
Horizontal tail
Span, ft .................... 1.67
Area, ft2 0 £96
Aspect ratio ................... 4.0
Airfoil section ............... NACA 0012
Vertical tail
Area, ft2 .................... 0.328
Sweep at leading edge .............. 33.9
Aspect ratio ................... 1.47
Airfoil section .............. NASA 63A012
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TABLE II.- CONFIGURATIONS TESTED AND FIGURE INDEX
(All configurations tested through _ = 20° to 90°)
FIGURE NO. 8 6H 6a 6r REMARKS
deg deg deg deg
AI-A6 0 0 0 0 Effect of sideslip, neutral controlE
+i0
-i0 1 II I
8
A7-AI2 0 0 0 _ 0 Rudder effectiveness, 8=0°
+26
_r 1 _I -26
AI3-AI8 +i0 0 0 0 Rudder effectiveness, B=+I0°
I +26
I IV Ir i -26
i
t
AI9-A24 0 -i0 I -22 i -26 Effect of Ailerons, pro-spin
0 i controls, 8=0°
I' II +22 j II
f
A25-A30 +10 -10 -22 I -26 Effect of Ailerons, pro-spin
I 0 ! I controls, 8=+10°
11 Ir +22 I' I
!i
bo
5o
5o
TABLE III.- PREDICTED SPIN MODES
CONTROLS SPIN EQUILIBRIUM
6H 6a I 6r e sec _b I V Descent
de_ deg I de_ deg turn 2--V I ft/sec
0 0 0 NO SPIN
0 0 -26 23 2.1 0.28 191
-10 0 -26 29 2.8 0.23 175
-i0 -22 -26 23 2.2 0.24 205
-i0 +22 -26 37 2.9 0.26 151
IX= 1770 slug-ft2 Weight= 2338 ibs
Iy= 2471 slug-ft2 cg= 26.3%c
IZ= 3783 slug-ftz
IX-IY
x 104= -77
mb2
Iy-IZ
x 104= -144
mb2
IZ-Ix
x 104= 221
mb2
TABLE IV.- COMPARISON OF PREDICTED SPIN MODES AND SPIN TUNNEL RESULTS
(6H= -I0 ° and 6r= -26 ° FOR ALL CASES)
Aileron Predicted Spin Modes Spin Tunnel
Deflection
a I sec f2__bb VD a sec i f___b_b VDdeg turn 2V ft/sec deg turn 2V ft/sec _
With 23 2.2 0.24 205 TOO STEEP TO HOLD
Neutral 29 2.8 0.23 175 30 2.3 0.30 164
Against 37 2.9 0.26 151 35 2.5 0.28 159
IX= 1770 slug-ft 2 Weight = 2338 ibs
Iy= 2471 slug-ft 2 cg= 26.3%c
IZ= 3783 slug-ft 2
IX-I Y
x i0 _= -77
mb 2
Iy-Iz
x i0_= -144
mb 2
IZ-Ix
x i0_= 221
mb 2
%0
TABLE V.- COMPARISON OF PREDICTED SPIN MODES AND FLIGHT TEST RESULTS
(_H= -10° and 6r= -26° FOR ALL CASES)
Aileron Predicted Spin Modes* Flight Test
Deflection e I see _b VD e see _b I VDd g turn 2--V ft/sec tu--_n 2--V ft/sec
With 25 3.3 0.17 197 43 2.7 0.34 120
Neutral 36 3.5 0.21 152 44 2.8 0.33 120
Against 25 3.0 0.19 194 43 3.0 0.31 120
C corrected to include elevator trim tab effect.m
IX= 1770 slug-ft2 Weight= 2338 ibs
Iy= 2471 slug-ft2 cg= 28%c
IZ= 3783 s_ug-ft2
il
Figure I.- Photographof I16scalemodelinstalledon rotary balanceapparatus
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A Slip ring housing
B Drive shaft
C Support boom
D Spin radius offset
potenti_eter
E Counterweight
F Strut
G Angle of attack
positioningmotor
i-_ --
t_-- A
...._.o I
" 1
.........____._- -- ,
F_- iX
_x_-° !!
Spin axis
Velocity vector
(a)Sideview of model.
Figure 2.- Sketch of rotary balance apparatus.
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A Slip ring housing
B Spin radius offset
potentiometer
C Lateral offset
drive gears
D Lateral offset
potentiometer
E Strut i
F Sideslip angle
potentiometer
P_ G. Sideslipangle
positioningmotor
"---A
-----E
i
I
F ----" ---_-G
I
Spin axis
Velocity vector
(b) Front view of model.
Figure 2.- Concluded.
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I
0, 17
FIGURE 3.- THREE-VIEWOF 1/6-SCALE MODEL, CENTEROF GRAVITY POSITIONED
AT 0,25C, DIMENSIONSAREGIVEN IN INCHESsHODELSCALE,
28
.............. 70 .................... , ............................ _ ..........................
0 0.I 0.2 0.3 0.4 0,5 0,6 0_7
_2b/2V
Figure 4.- Angle of attack vs. _b/2V relationships required for pitch equilibrium.
bJ
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(a)Normalfor_ecoefficient
Figure6.-C_i_arisonof highand lowReynoldsnumberstaticditaforGeneralAviation
ModelA (fromreference4).
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(a) a = 20 deg.
Figure A 1 .- Effect of rotation rate and sideslip angle on yawlng-moment coefficient
for the basic configuration with neutral controls.
(b) a = 25 deg.
Figure A 1 .- Continued.
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(o) a = 30 dog.
Figure A 1 .- Continued.
(d) a = 35 deg.
Figure A i ,- Continued,
FLgu_e A 1 .- Continued.
(f) a = 50 d_g.
FigureA 1 .- Continued.
(g) a = 60 deg.
Figure A 1 .- Continued.
(h) a = 70 deg.
_igute A 1 .- Continued.
(i) a = 80 deg.
Flgu_e A 1 .- Continued.
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(j) a = 90 deg.
Figure A 1 .- Concluded.
(a) a = 20 deg.
Figure A 2 .- Effect of rotation rate and sideslip angle on rolling-moment coefficient
for the basic configuration with neutral controls.
Figure A 2 .- Continued.
(c) a = 30 deg.
Figuze A 2 .- Continued.
Cd) a = 3S deg.
Figure A 2 - Continued.
(e) a = 40 deg.
Figure A 2 .- Continued.
(f} a = SO deg.
Figure A 2 .- Continued.
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(8) Q = 60 deg.
Figure A 2 .- Continued.
(h) a = 70 deg.
Figure A 2 .- Continued.
(i} _ = 80 dos.
Figure A 2 .- Continued.
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(j)a = 90des.
FigureA 2 .-Concluded.
JFigure A 3 .- Effect of rotation rate and sideslip angle on pitching-moment coefficient
for the basic configuration with neutral controls.
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(b) a = 25 deg.
Figure A 3 Continued.
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(e) a = 30 deg.
Figure A 3 Continued.
Cd) a = 3S deg.
Figure A 3 Continued.
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(e) a = 40 deg.
Figure A 3 .- Continued.
(f) a = SO de8.
Figure A 3 .- Continued.
_-_ (g) a = 60 deg.
Figure A 3 .- Continued.
(h) a = 70 deg.
Figure A 3 .- Continued.
Figure A 3 .- Continued.
(j) a = 90 des.
Figure A 3 .- Concluded.
Figure A 4 .- Effect of rotation rate and sideslip angle on normal-force coefficient
for the basic configuration with neutral controls.
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(b) a = 2_ dog.
FL_u_o A 4 .- Continued.
(€) a = 30 deg.
Figure A 4 .- _ontinued.
(d) a = 35 dog.
Figure A 4 .- Continued.
(e) a = 40 deg.
Figure A 4 .- Continued.
(f) a = 50 dog.
Figure A 4 .- Continued.
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(g) a = 60 deg.
Figure A 4 .- Continued.
(h) a = 70 dvg.
Figure A 4 .- Continued.
(i) a = 80 deg.
Figure A 4 .- Continued.
(j) a = 90 deg.
Figure A 4 .- Concluded.
(a) a = 20 deg.
Figure A S .- Effect of rotation rate and sideslip angle on side-force coefficient
for the basic configuration with neutral controls.
(b) _ = 2_ deg.
Figure A 5 .- Continued.
(c) a = 30 deg.
Figure A 5 .- Continued.
(d) a = 35 deg.
Figure A 5 .- Continued.
(e) a = 40 deg.
Figure A 5 .- Continued.
(f) a = 50 deg.
Figure A 5 .- Continued.
(g) a = 60 deg.
Figure A 5 .- Continued.
(h) a = 70 deg.
t Figure A 5 .- Continued.
(i) a = 80 deg.
Figure A 5 .- Continued.
(j) a = 90 deg,
Figure A 5 .- Concluded.
(a) a = 20 deg.
Figure A 6 .- Effect of rotation rate and sideslip angle on axial-force coefficient
for the basic configuration with neutral controls.
(b) ,, = 25 deg.
Figure A 6 .- Continued.
(c) a = 30 deg.
Figure A 6 .- Continued.
(d) e = 35 deg.
Figure A 6 .- Continued.
(e) a = 40 dog.
Figure A 6 .- Continued.
(f) _ = 50 deg.
Figure A 6 .- Continued.
(g) a = 60 deg.
Figure A 6 .- Continued.
(h) a = 70 dcg.
Figure A 6 .- Continued.
(i) u = 80 dog,
Figure A 6 .- Continued.
(j) a = 90 deg.
Figure A 6 .- Concluded.
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(a) a = 20 deg.
Figure A 7 .- Effect of rotation rate and rbdder deflection on yawlng-moment coefficient
for the basic configuration with neutral elevator and ailerons
at zero sideslip angle.
F_gure A 7 .- Continued.
Figure A 7 .- Continued.
Figure A 7 .- Continued.
(e) a = 40 deg.
Figure A 7 .- Continued.
(£) a = 50 geg.
Figure A 7 .- Continued.
(g) a = 60 dog.
Figure A 7 .- Continued.
(h) a = 70 deg.
Figure A 7 .- Continued.
(i) a = 80 deg.
Figure A 7 .- Continued.
Figure A '7 .- Concluded.
Figure A 8 .- Effect of rotation rate and rudder deflection on rolling-_noment coefficient
for the basic configuration with neutral elevator and ailerons
at zero sideslip angle.
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(b) a = 25 deg.
Figure A 8 .- Continued.
Figure A 8 .- Continued.
Figure A 8 .- Continued.
Figure A 8 .- Continued.
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(f) a = 50 deg.
FiEure A 8 .- Continued.
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(g) a = 60 deg.
Figure A 8 .- Continued.
Figure A 8 .- Continued.
(i) a = 80 deg.
Figure A 8 .- Continued.
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(j) a : 90 des.
_igure A 8 .- Concluded.
Figure A 9 .- Effect of rotation rate and rudder deflection on pitchlng-moment coefficient
for the basic configuration with neutral elevator and ailerons
at zero sideslip angle.
Figure A 9 .- Continued.
(c) a = 30 deg.
Figure A 9 .- Continued.
Figure A 9 .- Continued.
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(e) a = 40 deg.
Figure A 9 Continued.
Figure A 9 .- Continued.
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(g) a = 60 deg.
Figure A 9 .- Continued.
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(h) a = 70 deg.
Figure A 9 Continued.
(i) a = 80 dog.
Figure A 9 .- Continued.
Figure A 9 .- Concluded.
Figure A 10 .- Effect of rotation rate and rudder deflection on normal-force coefficient
for the basic configuration with neutral elevator and ailerons
at zero sideslip angle.
FLgure A 10 .- ContLnued.
Figure A 10 .- Continued.
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(d) a = 35 deg.
Figure A 10 .- Continued.
Figure A 10 .- Continued.
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(f) a = 50 deg.
Figure A 10 .- Continued.
Figure A 10 .- Continued.
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(h) e = 70 deg.
Figure A 10 .- Continued.
(i) a = 80 deg.
Figure A 10 .- Continued.
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(j} a = 90 deg.
Figure A 10 .- Concluded.
(a) a = 20 deg.
Figure A 11 .- Effect of rotation rate and rudder deflection on side-force coefficient
for the basic configuration with neutral elevator and ailerons
at zero sideslip angle.
Figure A 11 .- Continued.
Figure A 11 ,- Continued.
Figure A 11 .- Continued.
Figure A 11 .- Continued.
(f) ct= 50 deg.
Figure A 11 .- Continued.
Figure A 11 .- Continued.
Figure A 11 .- Continued.
{i) a = 80 deg.
Figure A 11 .- Continued.
(j) u = 90 deg.
Figure A 11 .- Concluded.
Figure A 12 .- Effect of rotation rate and rudder deflection on axial-force coefficient
for the basic configuration with neutral elevator and ailerons
at zero sideslip angle.
Figure A 12 .- Continued.
Figure A 12 .- Continued.
Figure A 12 .- Continued.
Figure A 12 .- Continued.
Figure A 12 .- Continued.
(g) a = 60 deg.
Figure A 12 .- Continued.
Figure A 12 .- Continued.
(i) a = 80 de8.
Figure A 12 .- Continued.
Figure A 12 .- Concluded.
Figure A 13 .- Effect of rotation rate and rudder deflection on yawing-_noment coefficient
for the basic configuration with neutral elevato_ and ailerons
at +10 deg s_deslip angle.
Figure A 13 .- Continued.
Figure A 13 .- Continued.
Figure A 13 .- Continued.
Figure A 1:_ .- Continued.
Figure A 13 .- Continued.
Figure A 13 11 Continued.
Figure A 13 .- Continued.
Figure A 13 .- Continued.
Figure A 13 .- Concluded.
Figure A 14 .- Effect of rotation rate and rudder deflection on rolling-moment coefficient
for the basic configuration with neutral elevator and ailerons
at +I0 deg sideslip angle.
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(b) a = 25 dog.
Figure A 14 .- Continued.
(c) a = 30 deg.
Figure A 14 .- Continued.
Figure A 14 .- Continued.
(e) a = 40 deg.
Figure A 14 .- Continued.
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(f) a = 50 deg.
Figure A 14 .- Continued.
(g) a = 60 deg.
Figure A 14 .- Continued.
(h) a = 70 deg.
Figure A 14 .- Continued.
(i) a = 80 deg.
Figure A 14 .- Continued.
Figure A 14 .- Concluded.
(a) a = 20 deg.
Figure A 15 .- Effect of rotation rate and rudder deflection on pitching-_noment coefficient
for the basic configuration with neutral elevator and ailerons
at +I0 deg sideslip angle.
(b) a = 25 deg.
Figure A 15 .- Continued.
Figure A 15 .1 Continued.
Figure A 15 .- Continued.
Figure A 15 .- Continued.
Figure A 15 .- Continued.
Figure A 15 .- Continued.
Figure A 15 .- Continued.
(i) a = 80 deg.
Figure A 15 .- Continued.
Figure A 15 .- Concluded.
Figure A 16 .- Effect of rotation rate and rudder deflection on normal-force coefficient
for the basic configuration with neutral elevator and ailerons
at +I0 deg sideslip angle.
Figure A 16 .- Continued.
(c) _ = 30 deg.
Figure A 16 .- Continued.
{d) e = 35 deg.
Figure A 16 .- Continued.
Figure A 16 .- Continued.
(f) u = 50 deg.
Figure A 16 .- Continued.
Figure A 16 .- Continued.
(h) u = 70 deg.
Figure A 16 .- Continued.
(i) _ = 80 deg.
•Figure A 16 .- Continued.
Figure A 16 .- Concluded.
Figure A 17 .- Effect of rotation rate and rudder deflection on side-force coefficient
for the basic con{iguration with neutral elevator and ailerons
at +10 deg sideslip angle.
(b) a = 25 deg.
Figure A 17 .- Continued.
Figure A 17 .- Continued.
Figure A 17 .- Continued.
Figure A 17 .- Continued.
Figure A 17 .- Continued.
(g) a = 60 deg.
Figure A 17 .- Continued.
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(h) a = 70 deg.
Figure A 17 .- Continued.
Figure A 17 .- Continued.
Figure A 17 .- Concluded.
Figure A 18 .- Effect of rotation rate and rudder deflection on axial-force coefficient
for the basic configuration with neutral elevator and ailerons
at +I0 deg sideslip angle.
Figure A 18 .- Continued.
Figure A 18 .- Continued.
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(d) a = 3S deg.
Figure A 18 .- Continued.
Figure A 18 .- Continued.
Figure A 18 .- Continued.
Figure A 18 .- Continued.
Figure A 18 .- Continued.
(i) a = 80 deg.
Figure A 18 .- Continued.
Figure A 18 .- Concluded.
Figure A 19 .- Effect of rotation rate and aileron deflection on yawing-_oment coefficient
for the basic configuration with -10 deg elevator and -26 de8 xudder
at zero sideslip angle.
Figure A 19 .- Continued.
Figure A 19 .- Continued.
Figure A 19 .- Continued.
Figure A 19 .- Continued.
Figure A 19 .- Continued.
(g) a = 60 dog.
Fisur_ A 19 .- Continued.
(h) a = 70 deg.
Figure A 19 .- Continued.
Figure A 19 .- Continued.
Figure A 19 .- Concluded.
Figure A 20 .- Effect of rotation rate and aileron deflection on rolling-moment coefficient
for the basic configuration with -10 deg elevator and -26 deg rudder
at zero sideslip angle.
Figure A 20 .- Continued.
Figure A 20 .- Continued.
Figure A 20 .- Continued.
Figure A 20 .- Continued.
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(f) a = 50 deg.
Figure A 20 .- Continued.
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(g) a = 60 deg.
Figure A 20 .- Continued.
(h) a = 70 deg.
Figure A 20 .- Continued.
(i) a = 80 dog.
Figure A 20 .- Continued.
Figure A 20 .- Concluded.
Figure A 21 .- Effect of rotation rate and aileron deflection on pitching-moment coefficient
for the basic configuration with -10 deg elevator and -26 deg rudder
at zero sideslip angle.
Figure A 21 .- Continued.
(c) a = 30 deg.
Figure A 21 .- Continued.
Figure A 21 .- Continued.
Figure A 21 .- Continued.
(f) a = 50 deg.
Figure A 21 .- Continued.
Figure A 21 .- Continued.
Figure A 21 .- Continued.
Figure A 21 .- Continued.
Figure A 21 .- Concluded.
Figure A 22 .- Effect of rotation rate and aileron deflection on normal-force coefficient
for the basic configuration with -10 deg elevator and -26 deg rudder
at zero sideslip angle.
Figure A 22 .- Continued.
Figure A 22 .- Continued.
Figure A 22 .- Continued.
Figure A 22 .- Continued.
Figure A 22 .- Continued.
Figure A 22 .- Continued.
(h) a = 70 deg.
Figure A 22 .- Continued.
(i) c_ -- 80 deg,
Figure A 22 .- Continued.
(j) a = 90 dego
Figure A 22 .- Concluded.
Figure A 23 .- Effect of rotation rate and aileron deflection on side-force coefficient
for the basic configuration with -I0 deg elevator and -26 deg rudder
at zero sldeslip angle.
(b) a = 25 deg.
Figure A 23 .- Continued.
Figure A 23 .- Continued.
(d) a = 35 deg.
Figure A 23 .- Continued.
(e) _ = 40 deg.
Figure A 23 .- Continued.
Figure A 23 .- Continuod.
(g) _ = 60 deg.
Figure A 23 .- Continued.
(h) a = 70 deg.
Figure A 23 .- COntinued.
(i) a = 80 deg.
Figure A 23 .- Continued.
Figure A 23 .- Concluded.
Figure A 24 .- Effect of rotation rate and aileron deflection on axial-force coefficient
for the basic configuration with -10 deg elevator and -26 deg rudder
at zero sideslip angle.
Figure A 24 .- Continued.
Figure A 24 .- Continued.
Figure A 24 .- Continued.
Figure A 24 .- Continued.
Figure A 24 .- Continued.
Figure A 24 .- Continued.
Figure A 24 .- Continued.
(J.) ct = 80 deg.
Figure A 24 .- Continued.
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(j) a = 90 deg.
Figure A 24 .- Concluded.
(a) a = 20 deg.
Figure A 25 .- Effect of rotation rate and aileron deflection on yawing-moment coefficient
for the basic configuration with -I0 deg elevator and -26 deg rudder
at +10 deg sideslip angle.
Figure A 25 .- Continued.
(c) _ = 30 deg.
Figure A 25 .- Continued.
Figure A 25 .- Continued.
Figure A 25 .- Continued.
Figure A 25 .- Continued.
(g) a = 60 deg.
Figure A 25 .- Continued.
Figure A 25 .- Continued.
{i) e = 80 deg.
Figure A 25 .- Continued.
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(j) a = 90 deg.
Figure A 25 .- Concluded.
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(a) a = 20 deg.
Figure A 26 .- Effect of rotation rate and aileron deflection on rolling-moment coefficient
for the basic configuration with -10 deg elevator and -26 deg rudder
at +10 deg sideslip angle.
(b) a = 25 deg.
Figure A 26 .- Continued.
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(c) a = 30 deg.
Figu=e A 26 .- Continued.
(d) a = 35 deg.
Figure A 26 .- Continued.
{e) e = 40 deg.
Figur€ A 26 .- Continued.
(f) _ = 50 deg.
Figuze A 26 .- Continued.
(g) a = 60 deg.
Figure A 26 .- Continued.
(h) a = 70 deg.
Figure A 26 .- Continued.
(i) u = 80 dog.
Figure A 26 .- Continued.
(.j) a = 90 deg.
Figure A 26 .- Concluded.
Figure A 27 .- Effect of rotation rate and aileron deflection on pitching-moment coefficient
for the basic configuration with -i0 deg elevator and -26 deg rudder
at +I0 deg sideslip angle.
Figure A 27 .- Continued.
(c) a = 30 deg.
Figure A 27 .- Continued.
Figure A 27 .- Continued.
(e) a = 40 deg.
Figure A 27 .- Continued.
Figure A 27 .- Continued.
(g) a = 60 deg.
Figure A 27 .- Continued.
(h) a = 70 deg.
Pigure A 27 .- Continued.
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(i) u = 80 deg.
Figure A 27 .- Continued.
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(j) . = 90 deg.
FigureA 27 .- Concluded.
Figure A 28 .- Effect of rotation rate and aileron deflection on nor=al-force coefficient
for the basic configuration with -I0 deg elevator and -26 deg =udder
at +i0 deg sideslip angle.
Figure A 28 .- Continued.
(c) = = 30 deg.
Figure A 28 .- Continued.
(d) a = 35 deg.
Figure A 28 .- Continued.
(e) a = 40 deg.
Figure A 28 .- Continued.
(f) a = 50 deg.
Figure A 28 .- Continued.
(g) a = 60 deg.
Figure A 28 .- Continued.
(h) a = 70 deg.
Figure A 28 .- Continued.
(i) _ = 80 deg.
Figure A 28 .- Continued.
(j) . = 90 deg.
Figure A 28 .- Concluded.
Figure A 29 .- Effect of rotation rate and aileron deflection on side-force coefficient
for the basic configuration with -10 deg elevator and -26 deg rudder
at +10 deg sideslip angle.
Figure A 29 .- Continued.
Figure A 29 .- Continued.
(d) a = 35 deg.
Figure A 29 .- Continued.
Figure A 29 .- Continued.
Figure A 29 .- Continued.
(g) a = 60 dog.
Figure A 29 .- Continued.
(h) a = 70 deg.
Figure A 29 .- Continued.
Figure A 29 .- Continued.
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Figure A 29 .- Concluded.
(_) a = 20 deg.
Figure A 30 .- Effect of rotation rate and aileron deflection on axial-force coefficient
for the basic configuration with -10 deg elevator and -26 deg rudder
at +I0 deg sideslip angle.
Figure A 30 .- Continued.
(c) _ = 30 deg.
Figure A 30 .- Continued.
Figure A 30 .- Continued.
(e) a = 40 deg.
Figure A 30 .- Continued.
(f) a = 50 deg.
Figure A :30 .- Continued.
(g) a = 60 dog.
Figure A 30 .- Continued.
(h) _ = 70 deg.
Figure A 30 .- Continued.
(i} e = 80 deg.
Figure A _0 .- _ontinued.
Figure A 30 .- Concluded.
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